cwvC CC/TLC
140 _
'Y
.
\\ ________________ ‘
120 i A\
o
o
e N . T
&
8100 0 ' ! 1 %_’__’%.———:‘
gf 0 10 20 oo 0 as
48]
2
= 80 i
Z
w
Q
o
[44]
& g0 b i
MO AFTER CLINIC
200 F ANo/L
_
150 -
o
=
= —e
o . ‘ .
@ 100 ; , ,
x 0 10 20 30
o,
3
< 50
Z
= *—=o
i ®o-—-9
w
& 0

—® Quitters

MO AFTER CLINIC
& - — @ Smokers

FIGURE 9.—Mean values for the ratio of CV/VC, of CC/TLC, and slope for
phase I1I of the single breath N> test (AN>/L), expressed as a
percentage of predicted values in 15 quitters and 42 smokers
during 30 months after 2 smoking cessation clinics

NOTE: Asterisks 1% denote a significant difference from the initial value at p<0.05. CV=closing

volume: VC=vital capacity: CC=closing capacity: TLC=total lung capacity.

SOURCE: Buist. Nagy. Sexton 11979).
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small improvements in CV and CC were observed. although slope of phase [l improved
by 10 percent.

Martin and coworkers (1975) stated that “CV did not improve with cessation” among
12 participants in a smoking cessation program tracked for I to 3 months. In a 4-vear
followup of eight men who successfully gave up smoking. Pride and colleagues (1980}
reported no improvement in CV. but a significant decline in the slope of phase 111 within
the first few months of cessation. Further improvement did not occur over subsequent
Years.

In summary. abnormalities in the small atrways. as measured by CV. CC. and slope
of phase III, are substantially reversible among smokers who have not developed
significant airflow obstruction. Recovery occurs rapidly and appears to be complete
for these measures between 6 months and | year after cessation, although the implica-
tions of these changes for morbidity and mortality are uncertain.

Abnormal frequency dependence of lung compliance (an increased reduction of lung
compliance as respiratory frequency increases) also indicates abnormal function of the
small airways. Ingram and O’Cain (1971) examined six smokers with abnormal
frequency dependence of compliance who quit smoking. At I to & weeks after
cessation. values in all six had returned to normal. Martin and coworkers (1975) studied
[2 participants in a smoking cessation program. At | to 3 months after cessation.
dynamic compliance was less frequency dependent among 8 of the 12 subjects. Zamel,
Leroux. and Ramcharan (1979) also reported less frequency dependence of dynamic
compliance among 26 healthy smokers at 2 months after cessation.

Diffusing Capacity Among Former Smokers

Numerous studies. using a variety of methods. have shown that pulmonary diffusing
capacity is between 6 and 20 percent lower among smokers than among age-matched
nonsmokers (Teculescu and Stanescu 1970; Van Ganse. Ferris. Cotes 1972: Krumholz
and Hedrick 1973: Frans et al. 1975; Hyland et al. 1978: Enjeti et al. 1978; Bosisio et
al. 1980: Miller et al. 1983; Knudson et al. 1984). Only a few studies, however, have
assessed the effect of smoking cessation on diffusing capacity.

Marcq and Minette (1976) measured single breath carbon monoxide (CO) diffusing
capacity (DL¢oSB) in male subjects with normal values of FEViand FEV) divided by
FVC. Diffusing capacity was below normal in 13 of 54 (24 percent) of the current
smokers compared with 1 of 17 (6 percent) of the former smokers of at least 6 months
abstinence.

Miller and colleagues (1983) examined DLcoSB in a survey of 511 randomly selected
subjects from a population in Michigan. Among never smokers, the mean DL¢oSB was
32.5 mL CO per mm Hg per minute for males and 23.0 mL CO per mm Hg per minute
for females. Compared with never smokers and adjusted for age and height, male
current smokers had 17 percent lower (5.4 mL CO/mm Hg per minute), and female
current smokers had 16 percent lower (3.6 mL CO/mm Hg per minute) DL¢,SB . Male
former smokers abstinent for at least 2 years were lower by 7 percent (2.3 mL CO/mm
Hg per minute) compared with never smokers, whereas no difference was found
between female current and former smokers.



Zamel. Leroux. and Ramcharan (1979) measured DL¢oSB among 26 healthy smokers
betore and 2 months after cessation. Although DL¢oSB improved shightly following
cessation (0.8 mL CO/mm Hg per minute). the difference was not statistically sig-
nificant.

Knudson, Kaltenborn. and Burrows (1989) measured DL¢,SB in the seventh popula-
tion survey conducted in the longitudinal study of a population-based sample in Tucson,
AZ. Among current and former smokers. DL¢oSB dropped as cumulative consumption
of cigarettes increased (Figure 10). Current smokers had significantly lower DLcoSB
than either former smokers or never smokers: in persons with normal spirometry. former
and never smokers had comparable DL¢oSB: former smokers in the group with
abnormal spirometry had significantly lower DLcoSB. The DL¢oSB quickly returned
to normal as the duration of abstinence increased. Within 2 years of quitting. DL,SB
had reached 100 percent of that predicted for women: after 3 years of abstinence. mean
DL¢oSB was 100 percent of that predicted for men.

These data suggest that the etfects of cigarette smoking on pulmonary diffusing
capacity. as on other measures of lung function. include both irreversible and reversible
components. The extent of irreversible change is predicted by cumulative consump-
tion: the reversible component improves quickly after cessation.

Other Measures

Among 19 heavy smokers studied by Dirksen. Janzon. and Lindell (1974), ventilation
distribution measured by open-circuit nitrogen clearance improved | week after smok-
ing cessation. Regional lung function measured with *¥Xe showed improvement | to
3 months after cessation in the study by Martin and colleagues (1975). Zamel and
Webster (1984) performed detailed studies of five men and tive women before and 60
days after cessation. Although Vmase0percem TLC With helium and air and the maximum
flow-static recoil curve did not change. static recoil pressure at 60 percent TLC did
decrease significantly 2 months after cessation in 18 of 22 smokers. Michaels and
coworkers (1979) also observed a decrease in static recotl pressure at any lung volume
after smoking cessation. These authors concluded that a decrease in small airway
muscle tone might have accounted for these findings.

Longitudinal Population-Based Studies

The natural history of COPD has been described in longitudinal studies of up to two
decades. Although a population has not been studied from childhood to the develop-
ment of COPD during adulthood. the available data from existing separate investiga-
tions encompass the entire course of the disease and support the conceptual model
presented earlier (Figure 2).

Measures of pulmonary function begin to decline after 25 to 30 years of age. For
FEV . the annual rate of decline. as estimated from cross-sectional studies. is about 20
to 30 mL annually (US DHHS 1984). Faster loss of tunction over a sutficient period
of time can lead to the development of clinically significant airflow obstruction (Figure
2). The available longitudinal data indicate that cigarette smoking is the primary risk

328



110 —

100

90

80

70

<10 10-24 2549 250
PACK-YEARS SMOKING

. Smokers Ex-Smokers

FIGURE 10.—Percent-predicted diffusing capacity (% pDL) by pack-vears of
smoking, current smokers and former smokers, in a study of
adults in Tucson, AZ

NOTE: Numbers above bars represent sample sizes.

SOURCE: Knudson. Kaltenbomn. Burrows (1989).

factor for excessive loss of FEV | (US DHHS 1984). and smokers have much faster
rates of loss of FEV| than never smokers (Table 9). Table 9 describes rates of change
in lung function in selected major longitudinal studies. In each. former smokers or
quitters have less decline than current smokers during the followup period.

In many investigations. dose-response relationships have been found between the
amount smoked during the followup interval and the rate of the FEV| decline (US
DHHS 1984). For example, Fletcher and colleagues (1976) conducted a study of 792
employed men and performed pulmonary function measurements semiannually for 8
years. They reported that the annual loss of FEV| was 36 mL per year for never
smokers. The rate of decline among cigarette smokers increased with amount smoked
per day (44 mL/year for <4 cigarettes/day; 46 mL/year for 5 to 15 cigarettes/day: 5+
mb/year for 15 to 25 cigarettes/day; and 54 mL/year for >25 cigarettes/day). The rate
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TABLE 9.—Population-based longitudinal studies of annual decline in pulmonary function

Reference

Willielmsen.

Orha,
Tibhlin
(1964

Ashley eral
11975)

Flewher
cral 11976y
Kauftmann
etal,
1979

Huhtr and
Ikhatla
(UKL

Wooll and
Lanwel
(AR

Bosse ¢tal,
{1URGH

Population

Swedish men borm in 1913

Framingham Study

British workers

French workers

Middle-aped rural Finns

Canadian volunteers aged
25-54

Healthy LIS veterans

Followup

dvr

I vr

2 exams

By
Semannual

12 yr

10 yr

Syr

2exams

H) wr
Yexams

Gender

Maile

Mule

Female

Mule

Male

Male
Female

Female

Male

Measure

VO imbL/yr}
FEV| tmL/vry
PEF (Limin/yr)

EVC (mL/yr)
FEV1/FVC (%4 fyr)

EVC iml/yry
FEVFVOC (% fyr)

FEV ) tml./yr)

FEV | tmL/yr)!

FEV  (mL/vr)
FEV | tmlfyr)

FEV | (% fyr)
FEVEVC (% fyr)

FEV (tmljyr)
VO timbyr)

Rate of decline by smoking stiatus

Never smohkers

63
43
128

39
.3

RE]
4.2

36

42

i3
27

0.3
1.3

57

oY

Former smokers

58
RE!
140

R}

ETY

45
27

Quitters

S¥
)
)

46
-1l

30
(h2

X

44
RV

Smokers

94
70
55

S8
(]

R
in

St)

449

0.7
1.7
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TABLE 9.—Continued

Relerence

Population

Followup

Gender

Bosse et al,
AELIN]

Van der
Lende et al,
(1981

Tushkin
etal. ( 1984)

Tayioretal.
(198RS}

Healthy US veterans

Random sample in the
Netherlands, aged
15-39

Population sample in
southern Calitornia

Volumteer population in
the United Kingdom

Syr
2exams

913 yr
4 exams

Syr
2 exams

7.5 ¥%r
2 exams

Male

Male and
Female

Muale

Female

Male

Rate of decline by smoking status

Meusure

Never smokers

FEV, (mL.:':,'rlh
FVC unL,-’erh

FEV, (mljyr*
VO (mL/yr)

FEV) (mLfyry
FVC (mL/yr)"

FEV (mL/ynr)
FVCimb/vry

FEVi/H Ly’

6l
Lih)

166
13,7

56
o)

42
44

6.6

Former smokers

Quitters

449
(45

62
Hn

Smokers

T
o7

M5
15.7

70
64

54
54
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TABLE 9.—Continued

Rute of decline by smoking stutus

Reference Population Followup Gender Meusure Never smokers Former smokers Quilters Smuokers
Canullr et i, Population sumple in Mean 9.4 yr Male FEV imbjyn)' 12.9 108 13.2 RicH
{1UKT) Tucson. A7, S.2eaams

Female  FEVtmlfyry® 7.6 6.5 24 4.6
Burrows Population sumple 10,0 yr Mule FEV) (ml,fyl'll' 118 26.6
etal. (1URT) Tucson. A/ S enanin
Townsend MREIT 2 dyr Mitle FEV  tmbL/yn) S 44 Rt} 59
etal (in
pressy

NOTE: Negative numbers indicate an mercise. Former smokers stopped smiokingg pror tostat of study: quitters stopped stohang atter start of study . Mean values for all smokers have been

caleuluted werghied by nunber of subjects, where publsbed dataow s st =peak exprritory thow,

fied by amount o smoking. VOswatad capaaty . FEV =1 see foreed expimtory solume: PEF
FVO=torced vital capaciy: lll‘:|lcl‘|_'|1i‘.uh\'1l. SRETT=Multiple Rish Facior Intervention Tral,

"Addpusted tor wned level,

II.-\l‘_lll\'L‘(‘ for age,

S Adpusted Tor minal Tevel, herghit sox e anca ol resihence. Werghted mean lor smehers

A usked Tor age, height, and arei ol residenee

“Ine ludes tormer smokers id guitters

I.-\ll_]uxll:d e SUhersht 172 an

i [0 v,

153 . g .
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